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0 Aluminum-lithium alloys. 



0 A group of alloys, based on aluminum and containing: about 1.0 to 2.8% lithium: an alloying element 
selected from about 2.5 to 7.0", magnesium or about 4.0 to 7.0% copper and less than about 1 .0"= of at least 
one additive element selected from zirconium, chromium, and manganese. These alloys have an improved 
comoination of properties such as strength, ductility and weloability and in some cases improved tensile 
properties at cryogenic temperatures. 
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Aluminum-Lithium Alloys 

The present invention relates to alloys of aluminum and lithium that have a cesirabie combination of 
mechanical and physical properties: generally, low density, medium to high strength, ductility, stiffness, 
weldability and in some cases good strength and ductility at cryogenic temperatures. 

Since 1973. the increase in fuel costs has prompted research efforts towards developing more fuel 
5 efficient aircraft. One solution would be to reduce the weight of structural components without attendant loss 
in strength or other desirable properties. Intense research efforts led to the realization of at least three near- 
commercial, low density Al-Li alloys: two produced by Alcan in the U.K. and the thira by Alcoa in the U.S.A. 
These three alloys 8090 (sometimes referred to by tradenames as DTDXXXA. Alcan A. or Xltai A). 8091 
(Alcan B. Lital B. or DTDXXXB) and 2090 (Alcoa B) comprise a new generation of Al-Li alloys. In general. 

j6\ such alloys were developed for aircraft applications where the weight savings effected by using these low- 
* density alloys greatly reduces vehicle fuel costs and also increases performance. Because ^mcst aircraft 
parts are mechanically fastened, the weldability of the Al-Li alloys has received relatively limited attention. If 
weldable Al-Li alloy variants were available commercially they could potentially be used for many non- 
aircraft applications, such as. marine hardware, lightweight pressure vessels and the like. Since nnany 

:5 pressure vessels are used at low temperatures it would be important for the structural alloys emcioyec to 
have good mechanical properties at both room and cryogenic temperatures. 

Significant events in the development of aluminum base alloys containing lithium for structural 
applications were the introduction of the Scleron alloys (Al-Zn-Cu-Li). developed m Germany in the early 
i920*s; alloy 2020 (Al-Cu-Li-Cd) developed in the United States by Alcoa m the late i950's:"ana alloy 01420 

20 'Al-Mg-LD developed m the USSR in the mid-i960*s. Alloys 2020 and 01420 essentially constitute the first 
generation of Li containing Al alloys used on a commercial scale. Commercial aluminum alloys in the U.S. 
are sometimes described by four-digit numbers assigned under the standard Aluminum Association 
designation system which is explained in the "Metals Handbook'*, Ninth Ed. (Amencan Society for Metals. 
Metals Park. Ohio. U.S.A.), Vol. 2, pg. 44, (1979). 

25 Aluminum and its alloys have desirable properties such as low cost, good appearance, relatively light 
weight, fabricability. and corrosion resistance that make them attractive for a wide variety of applications. 
The aluminum base metal referred to herein is about 99.00% pure with iron and silicon being the major 
impurities: and where the percentage of aluminum in compositions described herein is not specified it is to 
be understood that the aluminum makes up the difference between 100% and the sum of the specified 

30 elements, apart from incidental ingredients and impurities. 

Lithium is the lightest metal found in nature and its addition to aluminum metai is known to significantly 
reduce density and increase stiffness. Consequently, aluminum-lithium alloys could offer valuable combina- 
tions of physical and mechanical properties that would be especially attractive for new technology 
applications, particularly, in industries such as aircraft and aerospace. Lithium is generally known to produce 

35 a series of low density {i.e.. light), age hardenable aluminum alloys (Al-Li. Al-Mg-Li. or Al-Cu-Li) but these 
alloys have been used only to a limited extent because, among other things, they were believed to oxidize 
excessively during melting, casting and heat treatment (Kirk-Othmer "Encyclopedia of Chemical Technol- 
ogy- 3 Ed., John Wiley (1981) Vol. 2. pg. 169). 

One of the early commercial aluminum based systems including lithium is the 01420 family developed 

^ by Fridlyander et al. which includes several alloy variants. The 01420 alloys ana variants are broacly 
described in U.K. Patent No. 1,172.738. The alloys disclosed by Fridlyander are said to be high strength, 
low density and have a modulus of elasticity 15 to 20% higher than standard aluminum alloys, as well as. 
good corrosion resistance. The ultimate tensile strength claimed for these alloys is 29-39 kg. mm^ and they 
are comprised of 5 to 6% Mg; 1.8 to 2.4% Li and one or both of .05 to 0.2% Zr and 0.5 to 1.0% Mn. the 

45 balance being Al. These alloys are basically of the 5XXX Series-type. i.e.. their major alloying element is 
magnesium, and further include lithium. All percents (%) stated herein are percent weight based on the total 
weight of the alloy unless otherwise indicated. 

Another family of aluminum based alloys including lithium is disclosed in U.K. Patent No. 1.572.587 
(assigned to Swiss Aluminum Ltd.) and are said to have a combination of unusually advantageous 

50 properties including excellent formability. strength and favorable resistance-weldability which results from 
the increased electrical resistivity induced by lithium. Thes alloys ar typically of the 5XXX Series-type 
being composed of 1.0 to 5.0% Mg; up to 1% Mn: up to 0.3% Ti; up to 0.2% V and the balance being Al. A 
0.3 to 1 .0% lithium compon nt is added to increase electrical resistivity. The lithium is in a super-saturated 
solid solution in the alloy so that ductility, formability and strength properties are improved and retained at 
elevated temperatures. 
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Yet another family of aluminum based alloys that may includ lithium are the 2XXX (Aluminum 
Association system), or aluminum-copper alloys. Such a family of alloys is aisctosea in U.S. Patent No. 
2.381.219 (assigned to Aluminum Company of America). The.s alloys are saia to have improved tensile 
properties because they include substantial amounts of copper and small amounts of lithium and at least 

5 one other element selected from the cadmium group consisting of cadmium, mercury, silver, tin indium and 
zinc. This reference states that lithium is not known to have any pronounced beneficial effect cn the tensile 
properties, i.e. .tensile strength, yield strength, elongation or hardness, when not in combination with an 
alloying element from the cadmium group and that lithium may even be detrimental to tensile properties. 
Presently available high strength aluminum lithium alloys do not have good fusion welding propenies as 

TO reflected by their low resistance to hot tearing. Hot tearing, in general is believed to result from the inability 
of the solio-liquid region of the weldment to support the strain imposed by solidification'*^ shrinkage. 
Aluminum-lithium alloys are particularly sensitive to hot tearing because of their high coefficient of thermal 
-expansion and high solidification shrinkage. Compositional modifications that enhance welc!dbtlity may 
adversely affect other properties such as strength, ductility, stiffness and. or density. 

?5 In view of the foregoing, it would be desiraoie to provide lightweight, high strength, atuminum-iithium 
alloys having resistance to hot tearing, (good weldability), resistance to cracking dunng welding and 
processing, ductility, stiffness, and low density and or good mechanical properties at cryogenic tempera- 
tures. 

We have now found It possible to provide: aluminum based alloys including lithium that have an 
20 improved combination of physical and mechanical properties particularly strength, stiffness, weldability. 
ductility and low density: 

lightweight, high strength, aluminum-lithium alloys having good weldability and good resistance to hot 
tearing; and 

aluminum based alloys including lithium that have an improved combination of physical and mechanical 

25 properties at cryogenic temperatures. 

The preseni invention provides a medium to high strength, weldable. ternary alloy consisting essentially 
of an aluminum base metal: about 1.0 to 2.8% lithium alloying element: an alloying element selected from 
the group consisting of about 4 to 7% copper ana about 2.5 to 7% magnesium: and about O.Oi to 1.00% of 
at least one additive element preferably selected from the group consisting of zirconium, manganese and 

30 chromium. Other additive elements that may be useful are titanium, hafnium, and vanadium. 

The basic alloying elements of the alloys of the present invention are aluminum, lithium and magnesium 
or copper in combination with additive elements such as zirconium, manganese and chromium, in amounts 
sufficient to proauce the advantageous combination of mechanical and physical properties achieved by this 
invention, particularly, lower densities, higher strength, weldability. ductility and in some cases good 

J5 cryogenic properties. These alloys may also include minor amounts of incidental ingredients and. or 
impurities from the charge matenals or picked up during preparation and processing. 

The alloys of this invention which employ magnesium as an alloying element can be divided into two 
categories, i.e.. high magnesium about 4 to 7%. preferably about 4.5% and low magnesium about 2.5 to 
4%, preferably about 3.0%. The lithium alloying element in the high magnesium alloys is m the range of 

-to about 1 to 2.8% and preferably about 1.5% and in the low magnesium alloys about 1 to 2.8%. preferably 
about 2.4%. 

Where copper is employed as an alloying element in the alloys of this invention it is present in the 
range of about 4.0 to 7.0% preferably about 6.0% and the lithium alloying element is in the range of about 
1 to 1.7%. 

45 The additive elements employed in the alloys of this invention include zirconium, manganese and 
chromium and similar materials. The additive elements preferred for use where magnesium is an alloying 
element are about .01 to 0.7% manganese, about 0,1 to 0,3% zirconium, and about 0.1 to 0.3% chromium: 
and where copper is an alloying element the preferred additives are about 0.2 to 0.7% manganese and 0.05 
to 0.2% zirconium. Titanium may be used in some instances to replace zirconium as an additive element 

50 and similarly vanadium may replace chromium. 

It should be understood that the nature and quantity of additive elements employed and the relative 
proportions of the aluminum base metal and magnesium or copper alloying elements can be varied in 
accordance with this invention as set forth herein to produce alloys having the desired combination of 
physical and mechanical properties. 

55 The alloys of this invention may be prepared by standard techniques, e.g.. casting under vacuum in a 
chilled mold: homogenizing under argon at about 850 *F and then extruded as flat plates. The extruded 
plates may be solutionized (typically held at about 850* F for 1 hour), water quenched, stretch-straightened 
by 2 to 7% and then aged to various strength levels, generally slightly under peak strength. These alloys 
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may b heat treated and annealed in accordance with well established metal making practice. 

The term heat treatment is used herein in its broadest sense and means any heating and or cooling 
operations performed on a metai product to modify its mechanical properties, resiauaf stress stare or 
metallurgical structure and. in particular, those operations that increase the strength and haraness of 
precipitation hardenable aluminum alloys. Non-heat-treatable alloys are those that cannot be signtficantiy 
strengthened by heating and. or cooling and that are usually cold worked to increase strength. 

Annealing operations involve heating a metal product to decrease strength and increase ductility. 
Descriptions of various heat treating and annealing operations for aluminum and its alloys are found in the 
Metals Handbook. Ninth Ed.. Vol. 2. pp. 28 to 43. supra and the literature references citea therein. 



Example I 

: Sample alloys 1 to 6 having the compositions shown in Table i below are prepared as follows: 

Appropriate amounts, by weight of standard commercially available master alloys of Al-Cu. Ai-Mg. Ai-Li. 
Al-Zr. Al-Mn. Al-Cr. Al-Ti together with 99.99% pure Al are used as the starring charge material. These are 
loaded into a melting crucible in a vacuum controlled atmosphere, induction furnace. The furnace chamber 
is then evacuated and back filled with commercial punty argon. The charge is melted under argon, 
superheated to about 800**C. deslagged and then the meit is tilt poured into a cast iron steel moid at 
700 *C. Prior to pouring, following deslagging, the furnace chamber is pumped down and pouring is 
accomplished in partial vacuum. The ingots are removed from the mold, homogenized, scalped to extrusion 
biilet dimensions and then hot extruded into flat plates. The plates are subsequently heat-treated as desired. 



TABLE 1 
Sample Allov Compositions 



Samole No. 


1 


2 


3 


4 


5 


6 


Lithium 


2.69 


2.56 


1.68 


1.77 


2.68 


1.44 


Magnesium 


3.12 


3.18 


4.59 


4.52 


4.59 




Copper 












6.0 


Zirconium 


0.11 


0.12 




0.10 


0.11 


0.11 


Chromium 




0.12 


0.11 




0.12 




Maganese 




0.40 


0.40 




0.41 


0.40 



The Youngs Modulus and Specific Modulus (which are measures of an alloy's stiffness) and densities 
are summarized in Table II below for each of sample alloys i to 6, 

The Young's modulus was measured using standard techniques employed for such measurement, i.e.. 
modulus measurement using ultrasonic techniques where the velocity of a wave through a medium is 
dependent on the modulus of the medium. Density measurements were made using the Archimeaean 
principle which gives the density of a material as the ratio of the weight of the material in air to its weight 
loss in water. Modulus and density measurements were made on the extruded plates. Specific modulus is 
obtained by dividing modulus of the material by its density. 
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TABLE II 

Modulus and Der.sitv at Room Temoerar 


ure 


Samole No. 


Density {^) 
Ib/in^ (a/cc) 


xouriQ s 
Modulus (E) 
(X 10^ Dsi) 


Specific 
Modulus 
(Z/^Wx 10^1 


1, 


0.090(2.49) 


11.60 


■ 129 




0.091(2.51) 


11.61 


128 


J 


0.092(2.55) 


11.29 


123 


A 

4 


0.092(2.55) 


11.26 


122 


c 
D 


0.089(2.48) 


11.69 


131 


c 
O 


0.098( 2.72) 


11.57 


118 




0.103( 2.84) 


10.7 


103 


5083-H321* 


0.096(2.65) 


10.2 


107 



* ^ Alloys 2219-T81 and 5083-H321 are commercially available 
aluminum-copper and aluminum-magnesium alloys r respectively, 
and the values in Tables II and III relating thereto are 
handbook "typical" values. 

From the data presented in Table II it can be seen that the alloys of this invention are stiffer and for the 
most part lighter than the conventional weldable alloys. 

The tensile properties of sample alloys 1 to 6 and commercial alloys 22i9-T8l and 5083-H321 are 
summarized in Table III below. 



TABLE III 











Propert 


ies at Rnom 


Temoerat-j 






5 


Sample 


Heat- 




Yiel 


d Strencth Ultimate 5 


t r enc^ ^, 


Eloncat ion 


Nc . 


Treat me Ori 


en t a t 


ion M?a 


rksi) 


[Mpa 


fksi> 




1 


Peak acec 


LT** 


377 
354 


(54.7) 
(51.3) 


507 
532 


(73.5) 
(77.2) 


3.4 
7.0 


to 


2 


Peak aced 


L 

LT 


408 
411 


(59.2) 
(59.6) 


540 
551 


(78.4) 
(80.0) 


3.5 
5.5 


f c 


3 


Peak aged 


L 

LT 


351 
311 


(50.9) 
(45.1) 


456 
431 


(66.1) 
(62.5) 


9.4 
9.4 




4 


Peak aged 


L 

LT 


339 
341 


(49.2) 
(49.5) 


480 
474 


69.7) 
(63. S) 


6.3 
9.4 


20 


5 


Peak aged 


LT 


436 
427 


(63.3) 
(62.0) 


565 
537 


(82.0) 
(77,9) 


. 4.0 
4.0 




6 


Peak aged 


L 

LT 


567 
562 


(82.3) 
(81.6) 


624 
592 


(90.6) 
(85.9) 


4,0 
2.5 


25 


2219-T31* 




351 


(51.0) 


454 


(66.0) 


10.0 




5083-H32I* 




227 


(33.0) 


317 


(46.0) 


16.0 


30 


* 

Assoc. 


Handbook ''ty? 
Inc. (1934). 


ical" 


values (Aluminum Standards and Data; 


Aluminum 


35 


* * 


(L) means the 


Longitudinal 


orientation 


and (LT) 


mea.ns th 


.e long 



transverse orientation. 

From the data presented in Table III it can be seen that the alloys of this invention have substantially 



greater tensile strength than the conventional weldable aluminum and yet acceptable levels of elongation. 

The transverse tensile properties of tungsten inert gas (TIG) bead-on-plate welds on Sample ailoys i to 
5 are summarized in Table IV below. 



6 
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Samole 



TABLE IV 

TIG Bead"Qr.*?lat:e Welds - Transverse Tensile Propertigs 
Apparent Ultimate Joint Efficiency % 



No. 


MP a 


(ksi) 


MP a 


(ksi) 


Ultimate Stength of Par 


1 


297 


M3 1 ^ 


405 

■t V J 


V so . / ] 


7ft n 
/ o . u 


2 


248 


(36.0) 


385 


(55.9) 


70.0 


3 


164 


(23.8) 


318 


(46.1) 


74.0 


4 


210 


(30.5) 


360 


(52.35) 


76.0 


5 


241 


(35.1) 


403 


(58.5) 


75.0 


2219-T81* 


179 


(26.0) 


262 


(38.0) 


58.0 


5083-H321* 


151 


(22.0) 


303 


(44.0) 


96.0 



* {^elds were machined flat prior to testing and were tested 
the naturally aged condition, 

** Handbook "typical" joint efficiency using specifically 
developed commercially available filler wire (Welding; Kaiser 
Aluminum and Chemical Sales, Incw Calif. USA (1986)). 

35 

E.xample H 

Two Sample alloys 7 and 8 were prepared in . the manner of Example i and aged at 170'C for 24 
hours. These alloys had the compositions and properties set forth in Table V below. 

40 



J5 



50 



55 



7 



JO 



?5 



30 



j5 



■10 



-15 



50 



TA3LZ V 

Sample No. 7 §_ 

Lithium 2.2 1,4 

Magnesium 3.0 4.5 

Zirconium 0.12 0,12 

Chromium 0.11 

Density 2.50 2.57 

Yield Strength {M?a)(L) 194 164 

(MPa)(LT) 181 160 

TABLE V (Continued) 
Sample No. 7 g 



Ultimate Tensile Strenath 

{M?a)(L) 388 341 

(M?a){LT) 371 356 

Elongation %(L) 11.8 16.7 

%{LT) 11.9 20.0 



The tensile properties of Sample alloys 7 and 8 at cryogenic tennperatures are sumnnanzsd in Tabie VI 
below. 

TASLE VI 

Ultimate 

Test Yield Tensile 

Sample Temperature Strength Strenath Elongation 

No. ^'C ( M?a f ksi ) MP a (ksi ) % 

7 -195 (-320) 373 (54.1) 488 (70.9) 3.8 

8 -252 (-423) 278 (40.3) 526 (76.4) 14.2 



It can be seen from the data presented in Tabie Vl that the alloys of this invention have acceptable 
tensile properties at cryogenic tennperatures. 

While in accordance with the provisions of applicable law this application describes and exemplifies 
55 specific alloys of the invention clainned below, those skilled in the art will appreciate that changes within the 
scope of the clainns nnay be made in the exemplified embodiments without departing from the spirit and 
scope of the invention and that certain advantages of the invention can be employed without corresponding 
use of other features. 
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Claims 

1. A metal alloy comprising aluminum base metal: about i.O to 2.8% lithium ailoying element: an 
alloying element selected from about 2.5 to 7.0% magnesium or about 4.0 to 7.0% ccpper ana !ess than 
about 1.0% of at least one additive element selected from zirconium, chromium, and manganese. 

2. An alloy of claim 1 wherein there is about 1.0 to 2.8% lithium and about 2.5 to 4.0% magnesium. 

3. An alloy of claim 1 wherein there is about 1.0 to 1.5% lithium and about 4.0 to 7.0% magnesium. 

An alloy of claim l wherein there is about 1.0 to 1.5% lithium: about 4.0 to 7.0% ccpper: ana. aoout 
0.01 to 0.20% zirconium. 

5. An alloy of claim 2 further including about 0.01 to 0.20% zirconium. 

6. An alloy of claim 5. further including about 0.01 to 0.30% chromium. 

7. An alloy of claim 4 or claim 7. wherein there is 0.05 to 0.7% manganese. 

8. An alloy of claim 3 wherein there is about .01 to 0.2% manganese and about O.Oi to 0.3^'o chromium. 
" 9. An alloy of claim 3 or claim 3 wherein there is about .01 to 0.2% zirconium. 

10. An alloy comprising aluminum base metal, about 1.25 to 2.75% lithium: about 3.00 -.c 5.00^o 
magnesium: and less than aoout 1.00% of at least one additive element seiecied from zirconium, 
manganese and chromium. 

11. An alloy comprising lithium 2.7. magnesium 3.1. ana zirconium 0.1. 

12. An alloy comprising tithium 2.6. magnesium 3.2. zirconium 0.1. chromium 0.1. and manganese 0.4. 

13. An alloy comprising iithium 1.7. magnesium. 4.3. chromium 0.1 and manganese 0.4. 

14. An alloy comprising lithium 1.77. magnesium 4.5. and zirconium 0.1. 

15. An alloy comprising lithium 2.7. magnesium 4.6. zirconium O.l. chromium O.i. and manganese 0.4. 

16. An alloy comprising lithium 1.4. copper 6.0. zirconium 0.1. and manganese 0.4. 

17. An alloy comprising lithium 2.2. magnesium 3.0. zirconium 0.1. and chromium 0.1. 

18. An alloy comprising lithium 1.4. magnesium 4.5. and zirconium O.l. 



